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(54) Arterial graft prosthesis 

(57) An arterial graft prosthesis is 
formed of at least two concentric 
tubular zones of elastomer material 
homogeneously joined together, one of 
said zones being a porous elastomer. In 
one form a first interior zone of a solid, 
segmented polyether-polyurethane 
material is surrounded by a second 
zone of a porous, segmented polyether- 
polyurethane and a third zone 
immediately surrounding said second 
zone and of a solid, segmented 



polyether-polyurethane. The interior 
zone may have a lining or blood 
interface of a microporous zone of 
segmented polyether- polyurethane, 
and the exterior, third zone may be 
surrounded by a tissue interface of a 
microporous zone of segmented 
polyether-polyurethane. in some 
instances the exterior may be confined 
by a tube of substantially 
non-stretchable netting fastened in 
place at chosen, spaced intervals or 
other forms of reinforcement may be 
employed. Other materials can be used. 
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SPECIFICATION 
Arterial graft prosthesis 

5 Prosthetic arterial grafts have been available to the 
medical profession for thirty years or more. How- 
ever, during that thirty years the development of 

such grafts have been limited to those formed of 
textile fabrics and of semi-rigid plastics such asTef- 

10 Ion which have been somewhat flexible by disten- 
sion or stretching so that microscopic pores are pro- 
duced which, although too small to permrt the pas- 
sage of blood, do permit some degree of flexibility. 
Such porosity does allow such grafts to eventually 

15 leak under certain conditions. Textile artenal grafts 
are generally a single tubular structure. Artenal graft 
prostheses of stretched, semi-rigid plastics have 
been made of multiple parts ortubes but the resul- 
tant structure has not been homogeneous or 

20 attached so that it may be separable under normal 
conditions of use such as during the suturing of the 

9r hlthe development of an arterial graft prosthesis 
should have static and dynamic elastic ™ du }\*"* 
25 pressure distension in both the radial and axial direc- 
tions which closely match those for normal human 
arteries of the same diameter. Moreover, the wall 
thickness should be very closetothat of the human 
artery and should resist kinking when bent as well as 
30 do natural arteries, the prosthesis should have 
uniform homogeneous physical properties fully 
along its length so that the surgeon may cut any 
length he desires. Moreover, it should be easily 
sutured with the same needle penetration force and 
35 suture pull through force as is required with natural 
arteries. The suture should not pull outnortearto 
any greater extent nor with any less forcethan with 
the natural artery. The prosthesis should be imper- 
vious to blood not only along the major portion of its 
40 length but also where the customary needle holes 
are placed during suturing. This, particularly, has not 
been possible with graft prosthesis of the prior art in 
which leaking at suture points usually exists until a 
thrombus Is formed. Moreover, the .prosthesis 
45 should inhibittlssue growth ttroughoutthe graft 
structure which would result In the stiffening of the 
graft itself. It should be compatible with blood and 
tissue and should also provide attachment to exter- 
nal tissues for fixation and avoidance of trapped 
50 fluids inside a loose tissue capsule. The graft should 
remain patent and unobstructed indefinitely without 
any inherent clot or generation of thrombo-emboll. 
These objectives have not been met by the arterial 
graft prosthesis of the prior art 
55 A representative arterial graft prosthesis in accor- 
dance with the invention comprises at least two con- 
centric zones of elastomer material homogeneously 
joined together to form a single tube with theeies- 
tomer in one of the zones being porous. In other 
60 embodiments such a tube is. in turn, surrounded by 
a third zone of a solid, segmented elastomer. Also, 
the Interior surface orthe exterior surface, or both, of 



the mentioned three-zone tube may also be 
augmented from time to time and for different consi- 

65 t, °RGURE 1 is a longitudinal, diametrical cross sec- 
tion of a composite arterial graft showing not only 
the three mentioned zones of segmented elastomer 
but also an interior and exterior lining zone and an 
70 exterior confining reinforcement . 
FIGURE 2 "is a view comparable to FIGURE 1 out in 
which the confining reinforcement instead of being 
external and of woven material, is Internal and of a 
helically wiapped thread.. ■■ 
75 FIGURE 3 is a view comparable to FIGURE 1 out 
without reinforcement 

FIGURE 4 is another view comparable to FIGUHfc z. 
but with some small variations. 
FIGURE 6 is a longitudinal, diametncal cross sec- 
80 tion showing a preferred variation having rein- 
forcement in the porous zone. 

FIGURE 6 shows a preferred embodiment particu- 
larly adaptedto small diameter grafts. 
FIGURE7 is a view comparable to FIGURE 1 out 
an havina a corrugated internal construction. 

RGURE8isaviewlikeFIGURE7butlnwhlchthe 

entire construction is corrugated. 

FIGURE 9 Is a view like FIGURE 7 but in whteh the 
exterior is corrugated, while the interior is smooth. 
90 FIGURE 10 is another variation showing rem- 
forcement in the form of hoops which are helical and 
augmented. , _._ 

FIGURE 1 1 is an end view of the structure of FIG- 
URE 10 with a portion broken away to show the 
95 interior construction. . 

FIGURE 12 is an isometric view showing an 
embodiment with hoop reinforcements 

FIGURE 13 is a view like FIGURE 12 with different 

100 ^FIGURE 14te a view like FIGURE 1 with a plurality 
of internal concentric helical reinforcements. 

FIGURE 15 is a view like FIGURE 14 In which the 
reinforcements are concentric hoops rather than hel- 

105 '^FIGURE 16 is like the FIGURE 14 version, butlhe 
reinforcement is by a single row of rings ratherthan 
by a pair of coaxial helices. 

FIGURE 17 is like the FIGURE 1 6 arrangement but 
the reinforcing rings are of a flat stock rather than 
110 round jo* drawln98 hereIn 8howth e varlouszones 
of the arterial graft separated by solid lines, rt must 
be recognized that the zones are homogeneously 
attached to each other while the substance of at least 
1 1 6 one of the zones is in s liquid or semi-liquid state. 
The various zonesare formed of^esamegeneral 
material such as polyurethane. The polyurethane Is 
dissolved in a solvent and applied as a viscous 
liquid. The solvent within the liquid penetrates the 
120 surfaces ofthe attached zones and provides tor 

homogeneous mixing ofthe polymers and adhesion 
as if It were of one material. Consequently, the inter- 
face between zones has some finite dimension of 
thickness not shown in the drawing and having a 



The drawing(s) originally filed was/were Informal and the print here reproduced Is taken from 
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composition which is a bland of the two adjacent 
zones. 

In the representative version of the arterial graft 
shown In FIGURE 1, there is provided, symmetrical 

5 with a center line 5, an inside tubular zone 6. This rs a 
generally impervious zone of a segmented 
poiyether-polyurethane material which is continu- 
ous and is largely a barrier to the various liquid mat- 
erials with which is normally associated. The zone 6 

1 0 is approximately one to six mils in radial thickness 
and is generally a radial bar to the blood which flows 
through the graft under normal pressures and 
actions. 

Directly surrounding the tubular zone 6 there is an 

15 intermediate zone 7 also fundamentally of 

poiyether-polyurethane but preferably of somewhat 
greater thickness - generally from TO to 80 mils. The 
zone 7 is of a porous nature, being from thirty per- 
cent to ninety per cent void or open volume. The 

20 void volume may be of uniformly sized and distri- 
buted pores with the pores 8 ranging from one to 
one undred fifty microns in size. 

Usually, the intermediate zone 7 is directly sur- 
rounded by an encompassing or outward zone 9. 

25 This also is of a segmented poiyether-polyurethane 
material corresponding to that in the zone 6 and hav- 
ing a lack of pores or orifices, being continuous (ike 
the zone 6 and so distinguished from the porous 
zone 7. The radial dimension of the zone 9 is from 

30 one to six mils. The portions of this form of substi- 
tute blood vessel thus far described are all made of 
segmented poiyether-polyurethane zones of differ- 
ent sizes and with the central zone, only, containing 
a number of cells or spaces or voids. 

35 Reference herein is made primarily to the zones 
being of a segmented poiyether-polyurethane mat- 
erial, and that has proved to be most satisfactory in 
practice. It must be noted, however, that of the 
numerous elastomers available (for example, 

40 silicone rubber) in various instances there may be 
used elastomers that are not segmented and are not 
polyesters nor polyethers. Much of the actual work 
herein has been done with a segmented poryether- 
polyurethane material, specifically such material 

45 sold under the trademark "Biomer", and so, for con- 
venience, those materials are referred to herein. Yet, 
it must be recognized that comparable and substi- 
tute materials may be used or may become avail- 
able. 

50 Construction of an arte-ial graft prosthesis, as 
defined herein, results in static and dynamic moduli 
and pressure distortions on both radial and axial 
directions closely to match such distensions of nor- 
mal human arteries of comparable diameter. Conse- 

55 quently, even after clamping, the prosthesis of the 
present invention, unlike the prior art prosthesis, 
recover in the same manner as do natural arteries. 
Also, the wall thickness used is very close to that of 
human arteries of a comparable diameter. Further- 

60 more, these prostheses, when formed, resist kinking 
when bent as well as the normal, natural arteries. 
There are uniform, homogeneous physical proper- 
ties along the entire length of the insert or graft, so 
that the surgeon can cut an insert to any length he 

65 desires with uniform results. 



The prostheses defined suture as easily and with 
substantially the same needle penetration force and 
suture pull through force as i the case of natural 
arteries. Also, sutures made in the prostheses do not 

70 putf v+i or tear to any great extent or with any less 
force than those in a natural artery. The grafts 
defined, when formed, are impervious or leak tight 
to the circulating blood. The customary needle holes 
are substantially immediately self-closing, so that 

75 they do not leak any contained blood. Furthermore, 
the prostheses inhibit tissue growth throughout the 
graft structure and so prevent a resultant stiffening 
of the graft They readily provide appropriate fixa- 
tion for external tissue attachment and ready avoi- 

80 dance of trapped fluids inside the tissue capsule. The 
prostheses are quite compatable with the customary 
blood and adjacent tissues. Also, the formed, indi- 
cated prostheses generally remain open and unobs- 
tructed indefinitely and without any adherent clot or 

85 the generation of internal thrombo-emboli. The net 
result is that the described prostheses afford an 
arterial replacement which is in most respects virtu- 
ally indistinguishable from the original native artery. 
In addition to the zones 6, 7 and 9, the embodr- 

90 ment of FIGURE 1 also includes a microporaus blood 
interface 10. In an arterial graft of approximately six 
millimeter internal diameter or more, the blood 
interface 10 may comprise a zone of "Biomer", hav- 
ing interior pores of a diameter and depth ranging 

95 from five to one hundred microns, approximately. 
Preferably, the microporous tissue is treated to be 
hydrophilic or hydrophobic, for instance, by subjec- 
tion to known gas plasma or electrical discharge 
methods. The so-treated microporous tissue inter- 
1 00 face is effective as an anchoring su bstrate for a 
developing pseudoirrtima which forms blood con- 
stituents. This pseudointima is a tissue layer which 
must adhere to the blood interface and remains 
quite thin. If desired, the hydrophilic or hydrophobic 
105 microporous blood interface may be coated with an 
antithrombin such as albumin, gelatin, glycopro- 
teins, bonded heparin of comparable material to 
prevent or to diminish any early thrombus forma- 
tion. Such initial coatings, in use, may gradually be 
110 replaced with the developing pseudointima as 
described. 

About the outside of the graft is an adherent sur- 
rounding tissue interface 11. The material of the 
interface 11, like the blood interface 10, may be a 

1 T5 microporous "Biomer" but with slightly larger pores 
— in, the range of thirty to one hundred fifty microns. 
The surface of this interface may also and similarly 
be made hydrophilic or hydrophobic. 
Part? cu larry for the porous core 7 but also fo r the 

120 interfaces 10 and 11, the homogeneous pores are 
initially formed by the use of particulates such as salt 
(NaCt) or sodium bicarbonate, which Is ultimately 
largely removed by diffusion in a water or very dilute 
acid bath. The sodium bicarbonate also acts as a 

125 blowing agent In that the CO a is released and thus 
decreases the amount of salt to be removed from the 
core. The particulates utilized for this purpose are 
screened to afford a very narrow range of sizes, so 
that the pore sizes themselves are confined to a very 

130 narrow range. The result is a porous of foam-like 
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structure containing closed-cell or open-cell voids 
with a substantially reduced general density. 

The salt particles, for example, and the "Biomer" 
or core solution are completely and homogeneously 

5 mixed to form a slurry. Different slurries, with or 
without salt particles, are then used to form the vari- 
ous zones on a mandrel. The first slurry (with salt or 
sodium bicarbonate particle size to produce pores of 
from five to one hundred microns) is applied directly 

10 to the mandrel by dipping, coating or doctoring to 
form the zone 10. This is followed by an unsalted 
solution to form the zone 6 and the sequence is con- 
tinual until the entire graft is fabricated. The coatings 
on the mandrel are then thoroughly dried to remove 

1 5 the solvent and then the salt or bicarbonate particles 
are removed in a water bath at about 60°C. There are 
water-filled voids so created by the dissolution and 
diffusion of the salt particles, The particle size and 
concentration of particles are arranged to control the 

20 density or porosity and pore size. For example, 
sodium chloride particles of about fifty micron aver- 
age size are used for the zone 7 and the optimum 
range is within about one to one hundred fifty mic- 
rons. The total void volume is about fifty per cent of 

25 the total layer volume, the range being from about 
thirty percent to ninety percent 

The result of the foregoing is the production of a 
readily patent and clinically superior tubular graft 
which simulates very closely the properties of a 

30 natural artery. This provides that the artificial graft 
can be sutured to adjacent arteries very much as 
though a natural artery were utilized. The dimen- 
sional and distensional simulation by the artificial 
material to the natural material reduces or elimi- 

35 nates sutureline discontinuities and obstructions. 
Furthermore, grafts of the present prostheses 
behave very much like the natural artery, so that the 
surgeon's skill and experience are fully utilized. Also, 
the grafts of the present prostheses provide the 

40 same saturablilty, feedom from kinking, clamping 
characteristics, impermeability, biocompatabilRy, 
anthhrombogenicity, patency, and other advantages 
of natural arterial material. 
Although the present artificial construction has 

45 two or often three zones, nevertheless the several 
zones allow for the provision of individual or sepa- 
rate component characteristics, preferably all based 
on the polyether-polyurethane stucture. 
In some instances, it is desirable to surround the 

50 exterior o the artificial artery so provided with a con- 
fining netting 12 of "Dacron" or the like or a cir- 
cumferential winding of a suitable filament 13 (see 
FIGURE 2) which may be formed of "Dacron", solid 
elastomer, wire or the like. When external, as in FIG- 

55 URE 1, this reinforcement is customarily adhesively 
affixed at spaced intervals and loosely surrounds the 
remainder of the artificial artery. The netting comes 
into play primarily only in the event there is a sub- 
stantial expansion of the artery. The netting confines 

60 the amount of such expansion to preclude undue 
stretching and thinning of the artery walls. 

As an alternative to the attachment of the reinforc- 
ing material to the outer zone of the prosthesis, as 
shown in FIGURE 1, it may be formed within one or 

65 more of the zones of elastomer as particularly shown 



in FIGURE 2, the purpose here also being to preclude 
undue expansion to the artificial artery. 

Clinical experience has indicated that an artificial 
artery constructed as described herein and particu- 

70 lariy fabricated primarily of polyether-polyurethane 
is virtually indistinguishable from the naturally 
occurring artery which it replaces and afford a long 
term, effective and trouble free substitute for the 
originally occurring, natural artery. 

75 The alternative embodiment of RGURE 2 differs 
from that of FIGURE 1 not only in type of reinforcing 
material, but also in that tissue interface 1 1 1s elimi- 
nated. 

Another modified graft as shown in FIGURE 3 is a 
80 section 21 acting as an artery generally symmetrical 
about a longitudinal axis 22 and particularly inclu- 
sive of an inside zone 23 of relatively solid 
polyether-polyurethane, preferably of segmented 
polyether-polyurethane. The zone 23 is arranged 
85 symmetrically about the axis 22 or approximately so 
and on its inner surface is covered particularly with 
an inner coat 24 of a micro porous blood interface of 
polyether-polyurethane. The pores in the interface 
24 are in the range of five to one hundred microns in 
90 size and depth, and the coat itself is treated primarily 
to be hydrophilic 

The inside zone 23 and the inside coat 24 line a 
tubular zone or body 26 of a porous, segmented 
polyether-polyurethane having pores of about one 
95 to one hundred fifty microns in size. The pores are 
sufficient in number and disposition to allow from 
about thirty per cent to ninety per cent of the zone 26 
to consist of pores. 
Around the tubular body 26 there is a further zone 

1 00 27 of relatively solid polyether-polyurethane about 
one to six mils thick. Finally, surrounding the zone 27 
there is a generally exposed mlcroporous tissue 
interface 28 comprised of polyether-polyurethane 
having pores of about thirty to one hundred fifty 

105 microns in size and depth. This exterior interface 28 
likewise is treated to be hydrophilic. 

It is found that with these materials and this gen- 
eral arrangment and construction, many of the 
objects of the invention are attained in an acceptable 

110 fashion. The size characteristics of the structure are 
well fixed and remain stable over a very long time. 
The wail thickness is close to that of natural human 
arteries of similar duties and diameters, and the 
materials resist kinking when bent around short- 

115 radius curves at least as well as natural arteries do. 
The material is uniform throughout its length, so that 
a fabricated tube can be cut for use of any selected 
portion. The material sutures easily and with similar 
needle techniques to those used with natural 

1 20 arteries. The material does not rip nor tear any more 
easily than natural arteries do. Further, the materials 
utilized provide a wall which is virtually impervious 
or leak-tight to blood. Tissue does not tend to grow 
into or stiffen the material after installation. 

125 ft is therefore quite possible by utilizing the lay-up 
shown In RGURE 3 and utilizing the materials 
specified in connection therewith and of the nature, 
size and characteristics stated to provide an excel- 
lent, long term readily handled and effective substi- 

130 tutefor natural arteries. 
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The arrangement of FIGURE 4 is very similar to 
that of FIGURE 2, It differs in that the microporous 
blood interface is eliminated. In the embodiment of 
FIGURE 4, the impervious inner zone 28 may be 
5 formed of poiyether-polyurethane having an ultra- 
smooth surface treted by gas plasma methods, for 
instance, to obtain an optimal hydrophobic surface. 
With such a construction, the embodiment of FIG- 
URE 4 is particularly suit 3d to grafts of 6 mm internal 
1 0 diameter and smaller. Such smaller grafts may not 
be able to sustain a pseudointima without substan- 
tial risk of occlusion and the smooth hydrophobic 
surface will serve to prevent thrombus formation. 
Such antithrombogenic surfaces may remain 
1 5 "clean" except for a thin glycoprotein layer. 

The embodiment of FIGURE 5, a preferred embod- 
iment, is very similar to that of FIGURE 1. The latter 
Bjr embodiment differs from the former in that a spiral 
Hi reir^rceflnent 29js disposed in the intermediate 
20 porous zone 7 rather than a net reinforcement about 
the outer porous zone 11. Moreover, in the embodi- 
ment of FIGURE 5, the impervious zone 9 is elimi- 
nated. While the embodiment of FIGURE 5 includes a 
microporous blood interface 10, it should be under- 
25 stood that a hydrophobic copolymer could be added, 
* particularly on small grafts. The spiral reinforcement 

I 29 imprm/ftfi jhfl a ntl.fr jqftinfl ch2BgtSIISfiCa Qtthe 

I graft; ac hieves an adequate radial elastic modulus 
and at the same time avoids any sharp or spiny prot- 

30 rusions when the graft is cut through. To this end it 
has been found that the tensile elastic modulus of 
the spiral reinforcement filament itself should be in 
the range of from 1 0,000 to 2,000,000 psi. Moreover, 
the ratio of the distance between spiral loops (the 

35 pitch of the spiral) to the diameter of the filament 
itself should be in the range of from 1.5 to 5. 

The embodiment of FIGURE 6 is particularly suited 
for small grafts. In this instance the structure closely 
resembles that of FIGURE 5 but the blood interface 

40 10 is eliminated. With a structure the inner impervi- 
ous zone 28, comparable to the zone 6 in FIGURE 5, 
may be treated to make its surface hydrophobic and 
thus blood compatible. Grafts constructed in accor- 
dance with this embodiment may have an internal 

45 diameter as soon as one millimeter. 

There may be another alternate structure of the 
tubular substitute artery provided, as shown in FIG- 
URE 7. In this instance the interior is symmetrical 
about an axis or center line 41 as before. The axis 

50 generally symmetrically vjrrounded by a circular, 
thin solid elastomer zone 42 of segmented 
poiyether-polyurethane. In this instance the zone 42 
may be clear or lined - if lined, then having another 
solid elastomer zone 43 on the Interior thereof. Sur- 

55 rounding the zone 42 there is a relatively thick, gen- 
erally porous, annular zone 44. This, in turn, is sur- 
rounded by an external zone 46 of a thin solid elas- 
tomeric material in turn encased in a porous elas- 
tomer zone 47. A unique feature In this instance is 

60 that the major generally porous zone 44 Is especially 
augmented by an enclosed, longitudinally extend- 
ing, solid or high density porous elastomer 48 
formed with corrugations 49, the corrugations being 
either parallel and circular or contoured in a spiral 

65 path. 



While it is usually customary to provide each of 
the vessels as a symmetrical construction of rela- 
tively unlimited length and extending along a central 
axis £ 1 f the configuration need not include an 
70 entireiy cylindrical enclosu* 3 as shown in FIGURE 8. 
For example, and especially for use In relatively 
large diameter grafts; i.e. over eight millimeters 
inside diameter, there can be provided a zone setup 
very much as previously described but with the 
75 zones configured around the axis 51 in a convoluted 
structure 52. That is, the interior surface need not be 
generally smooth, but may be undulatory or corru- 
gated, with different undulations either having paral- 
lel circumferential paths or Joined in a spiral path. In 
80 this instance, as before, the inner blood contacting 
surface 53 may be a microporous blood interface. 
Next adjacent is a solid elastomer zone 54, white 
surrounding that is a porous elastomer zone 56 of 
medium density. Around that next to the outside 
85 there is an impervious zone 57, and finally a porous 
elastomer tissue interface or zone 58 on top of every- 
thing. The embodiment of FIGURE 8, then, is similar 
to that of FIGURE 1 except that the reinforcement 12 
of FIGURE 1 is replaced by the corrugated configura- 
90 tion of the overall prosthesis. It should be recognized 
that the reinforcement of other embodiments 
described above, such for example, as that of FIG- 
URE 5, may also be replaced by the corrugated con- 
figuration as shown in FIGURE 8. Such configuration 
95 are particularly suitable for grafts having an internal 
diameter of from about 10 to 30 millimeters. 

In another variation, as particularly shown in FIG- 
URE 9, there is a vessel symmetrical about a central 
axis 61. The inside zone 62 is formed of a porous 

100 elastomer. Encasing this is a solid elastomer zone 63 
which, in turn, is surrounded by a porous elastomer 
zone 64. The zone 64 is encased by a solid elastomer, 
undulatory zone 66 itself coated or surrounded by an 
external zone 67 of a microporous tissue interface. 

105 Alternatively, the Inner zone 62 may be eliminated 
and the smooth surfaced Impervious zone 63 treated 
to be blood compatible. 

A somewhat different approach is shown in FIG- 
URES 10 and 1 1. An encasing wall shown generally 

110 at 81 Is of a suitable material and multiple 

zones as previously described. Embedded in the wall 
and symmetrical about the central axis 82 is a helical 
reinforcement 83. This is preferably fabricated of a 
solid or quite dense porous elastomeric material. 

115 The reinforcement 83 in turn can also be wrapped 
with a helical filament 84 comprised of plastic thread 
or metal wire. 

As shown particularly in FIGURE 12, there is ar- 
ranged around an axis 91 , as before, first an inner sur- 

1 20 face zone 92, followed by an impervious zone 93, a rela- 
tively porous, thick zone 94, a relatively solid outer 
zone 96 and finally an outside, thin, elastomeric zone 
97. Particularly, the zone 94 is especially character- 
ized by a number of axtally separated, embedded 

125 rings 98 to afford hoop strength and to maintain the 
axial disposition of the materials. The hoops 98 can 
be of a solid elastomer; of a high density, porous 
elastomer; or of a rigid plastic such as a polyester. 
They even can be of metal such as stainless steel 

130 wire. 
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A variation on this theme is shown generally in 
FIGURE 13. The central axis 101 is as before and 
marks the center line of an Inner microporous zone 
105 within a solid zone 106 in turn within a porous 

5 zone 107 surrounded by an outer solid zone 108 and 
an encompassing tissue interface 109. In this 
instance, there are inclined hoops 110. Instead of 
being circular in axial cross-section as the hoops 98 
of FIGURE 1 2, the hoops 1 1 0 are rather of a radial ly 

10 elongated cross section approximately elliptical in 
pattern. The artery so furnished is relatively strong in 
a radial direction or against radial pressure. 

In a similar arrangement in FIGURE 14, around the 
central axis 1 1 1 is substantially the same arrange- 

15 ment of zones 112, 113, 114, 116 and 1 17. In addition, 
there is an inner helical body 1 18 of wire, plastic or 
elastomer as well as a surrounding, outer helical 
body 1 19. Because of the different diameters of the 
helical bodies, the pitches of their individual con- 

20 volutions vary somewhat The general homogeneity 
of the blood vessel wall is not adversely affected by 
the periodical appearance of the reinforcements. 

As a variation on this theme, there is provided, as 
shown in FIGURE 15, a comparable arrangement in 

25 which the various zones 121, 122, 124, 126 and 127 
are symmetrical about a through axis 123. In this 
instance, the reinforcements are again in the gener- 
ally porous central zone 124 and comprise wires 128 
and 129, of either metal, elastomer of plastic dis- 

30 posed near the center and outside respectively. 
These wires form nested, circular rings. There is no 
axial transmission of forces longitudinally along the 
length of the FIGURE 15 tube by the separate rings 
1 28 and 1 29, as there may be along the convolutions 

35 118 and 119 in the FIGURE 14 version. 

In the FIGURE 16 version, the zones 132, 123, 136, 
137 and 138 are disposed about an axis 133. Sym- 
metrical with the axis 133 are reinforcing rings 139. 
This arrangement is not especially restricted lon- 

40 gitudinally, but is restricted circumferentially. 

In the arrangement of FIGURE 17 the axis 141 is 
encompassed by the various zones 142,143, 144, 
1 46 and 147. Within the zone 144 and around the axis 
141 are spaced rings 148 of flat wire or plastic stock. 

45 Again, these are not constrictive in an axial direction, 
but, even more than the FIGURE 1 6 version, afford 
substantial radial restriction. 

With all of these arrangements, it is found that the 
objects of the invention are in general met, and that 

50 the natural arterial construction can be replaced by 
any of the constructions shown herein keeping in 
mind that the various forms of reinforcement may be 
utilized not only in the more complex joined zones of 
material, and any of the reinforcements described 

55 could be included in such a simple structure. Due 
regard may be had to the relative dimensions in 
diameter and length involved. Taken into appropri- 
ate account should be the juxtaposition of the vari- 
ous materials and their own individual and relative 

60 dimensions. It has been found that substantially 
impervious, long-lived blood carrying vessels effec- 
tive under normal human pressures and conditions 
are well provided in each instance. 
CLAIMS 

65 1 . An arterial graft prosthesis formed of at least 



two concentric tubular zones of elastomer material 
homogeneously joined together, one of said zones 
being a porous elastomer. 

2. An arterial graft prosthesis as defined in Claim 
70 1 , wherein said elastomer material is a polyether- 

polyurethane. 

3. An arterial graft prosthesis as defined in Claim 
1, wherein said elastomer material is thermoplastic 

4. An arterial graft prosthesis formed of a core 
75 zone of porous elastomer disposed about th e lon- 

gitudinal axis of the prosthesis, an inner zone of 
solid elastomer concentric with and homogeneously 
joined to the inside of said zone of porous elastomer. 

5. An arterial graft prosthesis as defined in Claim 
80 4, together with an outer zone of solid elastomer, 

said outer zone of solid elastomer being concentric 
with and homogeneously joined to the outside of 
said zone of porous elastomer. 

6. An arterial graft prosthesis as defined in Claim 
85 5, together with a tissue interface zone of micropor- 
ous elastomer concentric with and homogeneously 
joined to the outside of said outer zone of solid elas- 
tomer. 

7. An arterial graft prosthesis as defined in 

90 Claims 4, 5 or 6, wherein said solid elastomer is hyd- 
rophobic. 

8. An arterial graft prosthesis as defined in 
Claims 4, 5 or 6, together with a blood interface zone 
of microporous elastomer concentric with and 

95 homogeneously joined to the inside of said inner 
zone of solid elastomer. 

9. An arterial graft prosthesis as defined in 
Claims 4, 5 or 6 wherein said core zone has a thick- 
ness of from 1 0 to 80 mils. 

100 10. An arterial graft prosthesis as defined in 
Claim 9 wherein said core zone defines pores con- 
prising from 30% to 90% of its volume, said pores 
having a diameter and depth of up to 150 microns. 

11. An arterial graft prosthesis as defined in 
1 05 Claims 4, 5 or 6 wherein said Inner zone of soli d 

elastomer has a thickness of from 1 to 6 mils. 

12. An arterial graft prosthesis as defined in 
Claims 5 or 6 wherein said outer zone of solid elas- 
tomer has a thickness of from 1 to 6 mils. 

110 13. An arterial graft prosthesis as defined in 
Claim 6 wherein said tissue interface zone defines 
pores having a diameter and depth of from 30 to 150 
microns. 

14. An arterial graft prosthesis as defined in 

1 15 Claim 8 wherein said blood interface zone defines 
pores having a diameter and depth of from 5 to 1 00 
microns. 

15. An arterial graft prosthesis as defined in 
Claims 4, 5 or 6 wherein said elastomer material is a 

120 thermoplastic 

16. An arterial graft prosthesis as defined in 
Claim 1 5 wherein said elastomer material is a seg- 
mented polyether-polyurethane. 

17. An arterial graft prosthesis as defined in 

1 25 Claim 6 wherein the surface of said tissue interface 
zone is hydrophilic 

18. An arterial graft prosthesis as defined in 
Claim 8 wherein the surface of said blood interface 
zone is hydrophilic 

130 19. An arterial graft prosthesis as defined in 
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Claim 18 wherein the surface of said blood interface 
zone is coated with an antithrombin. 

20. An arterial graft prosthesis comprising a por- 
ous segmented polyether-poiyurethane. 
5 21. An arterial graft prosthesis as defined in 
Claims 1, 2 r 3, 4, 5, 6, 10, 13 or 17 together with 
reinforcing means connected to one of said zones of 
elastomer. 

22. An arterial graft prosthesis as defined in 

10 Claim 21 wherein said reinforcing means is disposed 
about the outer zone of said prosthesis. 

23. An arterial graft prosthesis as defined in 
Claim 21 wherein said reinforcing means is disposed 
within at least one of said zones of elastomer. 

15 24. An arterial graft prosthesis as defined in 
Claim 21 wherein said reinforcing means comprises 
a non-stretchable netting. 

25. An arterial graft prosthesis as defined in 
Claim 21 wherein said reinforcing means comprises 

20 a filament circumferenti ally wound about the lon- 
gitudinal axis of said prosthesis. 

26. An arterial graft prosthesis as defined in 
Claim 25 wherein said filament has a tensile elastic 
modulus in the range of from 10,000 to 200,000 psi. 

25 27. An arterial graft prosthesis as defined in 
Claim 26 wherein the ratio of the distance between 
loops of the circumferential ly wound filament to the 
diameter of said filament lies in the range of from 1 .5 
to 5. 

30 28. An arterial graft prosthesis as defined in 
Claim 23 wherein said reinforcing means comprises 
an elastomer formed as a corrugated tube. 

29. An arterial graft prosthesis as defined in 
Claim 23 wherein said reinforcing means comprises 

35 a helically wound filament 

30. An arterial graft prosthesis as defined in 
Claim 23 wherein said reinforcing means comprises 
a plurality of axfally spaced hoops. 

31. An arterial graft prosthesis as defined in 
40 Claims 1, 2 f 3, 4, 5, 6, 10, 13 or 17 wherein the outer 

surface of said core zones and of said prosthesis is 
corrugated. 

32. An arterial graft prosthesis as defined in 
Claim 29 wherein the inner surface of said core zone 

45 and of said prosthesis is corrugated. 

33. An arterial graft prosthesis substantially as 
hereinbefore described with reference to and as 
illustrated in any of the accompanying drawings. 
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